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nnilROUGHOUT the United States are many farms, parts 
or all of which eouhl he irrigated by pumping from either 
ponds or streams or farm wells. This bulletin is intended to 
furnish owners or operators of sueh farms with information 
that will give them some indieation of initial and operating 
costs and enable them to determine* whether soil and water 
suitable for irrigation are available and what kind of irrigation 
plant and equipment will be most satisfactory for their pur- 
pose. Having examined these factors, a farmer can decide 
whether irrigation is likelv to be profitable on his farm. 

This bulletin supersedes Farmers' Brtlletki 1404, Pumping 
from Wells for Irrigation. 
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WATER SUPPLY FOR IRRIGATION 

\ Before be<rinning im irrigation system, a fanner should make sure 
that he su$y of water available will be suffioWmt, partdcnlariv during 
ears of drought, sinee the need for irrigation, w> 1 be greatest m 
E mrs o low rain all. In a few areas where irrigate*, m undertaken 
8 Sis nn ample supply of water for irrigation throng hoi, the season, 
* KnmLpT^ Z water supply, will limit the -^on^^ 
* ment In some seetions where irrigation water is mailable from 
nSal tennis during the early growing season of a of W 
rainfall but is insnflieient at other times, a supplemental supply ma> 
be obtained from wells. 

QUALITY OF WATER 

In some areas either ground or surface waters, or both, earn- enough 
milirnSJs in solution to make their use for irrigation 
impossible. No definite figures enn be given as to the maximi im 
quantities of dissolved salts that may be present m water used for 
irrigation. Wherever there is any question f^.^.^" 
the water, samples should be obtained and tested ^ oho nically Most 
of the State agricultural experiment stations will test .water it is pro- 
posed to use for irrigation and will make recommendations as to its 
use. Sometimes n fee is charged for this service. 

hi considering the use of water, it should bo remembered that the 
n$££Z?f£ irrigation are different from. those for i = tic MM.- 
Iron, lime, organic matter, and, espeeially. annual and human wastes, 

Acknowledgment is made of the assistance of the .ndividuals, manufneturera. and dealers who supplied 
cost data and illustrations. 1 
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make water unfit For household use, hut it is satisfactory for irrigation 
if its use is properly safeguarded. 2 On the other hand, eertain^tvpcs 
of soft waters useful for domestic purposes may contain enough of the 
element sodium to make them unsatisfactory for use in irrigation 
The idea that well water may he too cold for direct application^ the 
land is not supported by either experiment or experience. 

GROUND WATER 

On many farms ground water can be developed either as the sole 
supply for irrigation or as a supplementary supply to he drawn upon 
when surface waters are not sufficient. Ground water is generally 
obtained from wells, 3 but occasionally it can be taken from gravel or 
other open pits. 

Very often small gardens and lawns can be irrigated by water from 
the domestic well. Under ordinary conditions, however, if other 
areas are to be irrigated, a special irrigation well will have to be dip* 
or drilled. The fact that domestic wells are successful, even when 
used for watering large numbers of livestock or for other similar 
purposes, does not prove that sufficient water is available for irri- 
gation. During dry periods it will take about 7,000 gallons a day to 
irrigate I acre of land. That quantity of water would take care of 
1,000 head of mixed livestock or a score or more of farmsteads with 
running water systems. Thus to be satisfactory for irrigation a well 
must be much better than it has to be to meet the most extravagant 
requirements of domestic or livestock use. A deep well may stand 
full of water and still be capable of delivering only a very small 
stream under continuous pumping. 

The capacity of a well depends on its construction and the character 
of the water-bearing formation into which it is sunk. Unless irri- 
gation well supplies have been obtained in the immediate neigh hor- 
hood and it is known that the conditions are similar where a new well 
is wanted, a test well should always he drilled before an irrigation 
system is planned. Samples of the materials found in the test well 
should be kept, together with a careful record of the depth and thick- 
ness of the strata represented by each sample. From these samples 
and records a man who has a knowledge of wells and is familiar with 
local conditions can form a reasonably good estimate of the capacity 
of a large well and can determine the best type of well construction. 
If the estimates indicate that an irrigation well can be developed 
successfully, arrangements can be made for drilling the well and 
planning the irrigation system. The only wav in which the true 
capacity of a well can he determined is by actual* test. 

In areas where a great deal of pumping from wells is carried on or 
may be expected, the question of the ability of the underground 
basin to supply the required quantity of water continuously over a 
long period of years becomes important because of danger that the 
water table will he perinanentlv lowered so far as to make profitable 
irrigation impossible. It is difficult to estimate in advance how much 
pum ping a ny particular ground-water basin will stand. 

AUthohuJ^Li^^u m ^"WtotoUmi practices, and particularly the safeguards public health 
meal BiuEuS Sin? ^ "** S* "?W '™gation, see I . S. l)ei»art merit of Agriculture Tech- 

?inrS^ Practical In the Western States. 

Doin^M i0 U " «■ Department of Agricultur, Circular 540, Putting 
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This problem of the capacity of ground-water basins bus become so 
eriousin a number of States that laws liave been enacted or are under 
moderation providing for tbe control of tbe development of ground 
water bv State officials. In some States a permit must be secured 
from the State engineer or otber appropriate oflicer before an irrigation 
well can lawfully be constructed. In most States, bowever, tbere is 
no adequate control of tbe development of ground water, and before 
mdriu* a largo investment in an irrigation system depmidwt on 
<m>und wntor tbe |)rospective irrigator sbould cudenvor to make sure 
that the ground-water basin bas not been or is not likely to be over- 
developed . 

SURFACE WATER 

The fanner who proposes to irrigate from surface streams should 
determine whether he has a right to pump from the stream and 
whether the stream carries suflicicnt water for his needs above that 
needed bv other farmers with prior righto. In all the and and scnu- 
vid States there are laws governing the use of surface water for irriga- 
tion In most of these States surface water cannot be so used legally 
until an application has been filed with the proper State official and a 
permit has been issued. Ordinarily such implications are made to 
the State engineer, and he grants the permits. The State engineer 
I can usually give information about the prior rights on a stream and 
• about the past flow of larger streams; hut the farmer himself must 
f determine whether the flow is suflicicnt for his needs after such prior 
t rights have been supplied. Since the flow of water during dry periods 
I is important to the irrigator, he should make sure, before installing 
I an irrigation system, that there will be suflicicnt water during times 
I of drought. ... , 

I Essentially similar legal rules apply to the diversion of water from 
ponds and reservoirs as from streams. Tbe farmer should make sure 
that (hiring dry periods there will be enough water in the pond or 
reservoir for his needs. t 

Wherever enough good surface water for irrigation can be obtained, 
its use is to he preferred since irrigation with surface water does not 
involve the cost and uncertainty of a well. Moreover, equipment 
suitable for pumping from surface supplies is usually cheaper than 
that used in wells. 

IRRIGABLE LAND 

Soil that is deep, fertile, and of high water-holding capacity will 
give the greatest return for the money and labor expended in irrigation. 
If water is plentiful it will sometimes be possible to get good returns 
from poorer lands that are too droughty for satisfactory use without 

II irrigation. This is especially true if such lands are used for truck 
' crops and organic and mineral fertilizers are added in ample (plant ities. 

Soils of the gumbo or adobe- type are not well suited to irrigation. 
This is generally true also of alkali soils, but in some places where 
ample fresh water is available the salts can be leached from these sods 
and satisfactory crops raised under irrigation. 

The relief, or "lav of the land/' is more important under irrigation 
than under rainfa if farming. Ideal land for irrigation is smooth and 
has a uniform fall of 10 to 20 feet to the mile in one direction. Matter 
slopes are less desirable because such land must bo more carefully 
leveled before irrigation and it is sometimes more expensive to bmkl 
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the necessary structures for distribution of the water. On the more 
steeply sloping lauds greater care is required to prevent erosion of the 
soil. Land sloping less than 3 feet in 100 feet is readily irrigated and 
slopes as steep as 15 feet in 100 feet can be irrigated with good results 
Steeper lands have been irrigated and can be successfully used for 
pasture or hay crops, but the application of water to them requires 
skill and care if destructive erosion is to be prevented. They are not 
suitable for cultivated or annual crops. 

In considering whether land may be irrigated by pumping from any 
given water supply the question of lift is of great importance. The 
maximum height to which water can be lifted for profitable irrigation 
depends on a number of factors, and no exact figure can be given here. 
As a rough and ready rule, it may be estimated that irrigation should 
not be undertaken for general farm crops where the total pumping lift 
is more than 30 feet and the growing season is short or where the lift 
is more than 50 feet and the growing season is long. Special crops 
such as deciduous and citrus fruits and garden truck may be irrigated 
with higher lifts, and small quantities of supplemental water may be 
provided for special pastures and home gardens at considerably 
greater heights above the water supply. The special conditions sur- 
rounding any proposed irrigation system should be considered before 
the economic limit of lift is decided upon. 

The height to which water may be lifted with profit is almost 
inversely proportional to the cost of power. Where power can be pro- 
duced or purchased for 1 cent per horsepower-hour or less the limits 
suggested above may be increased. 

DUTY OF WATER 

The term "duty of water" is used to indicate the area of land that 
may be irrigated with a given stream of water, or, more frequently, the 
quantity of water required to irrigate a given area of land. The total 
quantity of water used by crops, including mositurc stored in the soil 
in the spring, effective rainfall, and irrigation water, ranges from 
about 18 inches in the cooler and more humid areas for the crops that 
require the least water to 42 inches in the hotter areas for such crops 
as alfalfa and pasture, which use water extravagantly. 

The proportion of this water that must be supplied by irrigation 
vanes from year to year, from region to region, and even from farm to 
farm, because of differences in crops, soils, and climate. At one 
extreme are the arid sections of the West, where moisture stored in the 
soil in the spring months may not exceed 1 or 2 inches and where no 
effective rainfall may occur during the growing season. Under such 
conditions practically the entire quantity of water required by the 
crop must be provided by irrigation. At the other extreme are those 
areas where the soil is saturated in the spring and a large part of the 
requirement of the crop is met by rainfall during the growing season. 
In such areas it will occasionally be found that a single irrigation of 3 
to 4 inches, together with the soil moisture and rain, will supply all the 
moisture needed by the crop. 

The figures given above cover only the water used by the crop. In 
addition there is some waste bv evaporation, seepage from ditches, 
percolation through the soil past plant roots, and surface rim-off. 
With careful management, the proportion of water wasted may be 
kept to one-quarter of the amount applied, or less. Under careless 
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m as much as three-quarters or more of tho water is sometimes 

determining the size of stream needed to irrigate a given traet of 
land is ordinarily a more important problem for the farmer who expects 
L irrigate by pumping than the total quantity of water required during 
L season. Even in semihumid sections there are droughts during 
Such crops, having used all of the available soil moisture, must receive 
their total water supply from irrigation for short or long periods. In 
such periods a field or farm in the semihumid region will require just 
« large an irrigation stream as a similar area in an arid section, 
'The small irrigation pumping plant should be large enough to supply 
at least 2 inches of water over the irrigated area every week during drv 
periods. For example, if the plant is to be operated 7 days a week 
and H hours a dav, its capacity must be about 5% gallons per minute 
for each acre irrigated. If it rims only 12 hours a day and 6 days a 
week, it must pump about 1 3 gallons per minute for eaeh acre irrigated . 

These figures provide a basis for determining whether the water 
supply is sufficient for the land it is intended to irrigate. 
• Water must be available at all times during the season and espe- 
eiallv during the hottest and driest weather if the crops are shallow- 
rooted and easilv injured by drought. Where the soil is deep and 
deep-rooted crops such as trees and alfalfa are grown, it is possible 
to store a considerable quantity of water in the soil. Under such 
conditions irrigation can be carried on whenever water is available. 
Under especially favorable conditions very satisfactory crops of some 
kinds can be produced bv a single irrigation in the winter or spring. 
If crops are grown with one or two irrigations, these applications must 
be verv heavy, and the soil must be deep enough and have a high 
enough moisture-holding capacity to store a large quantity of water. 

PLANT DESIGN 

Having determined that land and water are available for irrigation 
and that irrigation probably can be carried on at a cost less than the 
benefits reasonably to be expected, the farmer is justified in planning 
an irrigation system. 

LOCATION 

The irrigation pumping plant will have to be located where the 
water is available. If the water is to he pumped from a surface stream, 
pond, or reservoir, the pump should, if possible, he at the point on 
the water's edge nearest the high point of the land to he irrigated. 
If a centrifugnl pump is used, it should be set as close as possible to 
die level of the water. If water is to be pumped from a well, test wells 
should be drilled before the irrigation well is begun. Sometimes 
several test holes will have to be sunk before a satisfactory location 
for the irrigation well is found. The underground formation may 
determine the location of an irrigation well. In some areas however, 
irrigation wells can be placed almost anywhere on a farm, the chance 
of success being the same at all locations. Under such conditions, it 
is usually best to drill the well at the high point of the land and thus 
avoid the need for a long discharge pipe. Occasionally it will be 
found cheaper to drill the well at a low spot and pipe the water from 
the well to the high point of the land. 

/Information on methods of irrigation and of pnvMif in« » aste is gi on in Farmer*' Bulletin KM. IVaciieal 
Information for Beginners in Irrigation. 
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SIZE OF PUMP 

The size of the small irrigation pumping plant will be governed 
by a number of factors. If ground water is being pumped, the ca- 
pacity of the well to furnish water with a reasonable draw-down is 
generally the controlling factor. Occasionally wells yield water very 
rapidly and, with a draw-down of 15 or 20 feet, supply more than 
enough. In such wells the factors governing the size of the pumping 
plant are the same as those operating when the pump draws upon a 
surface stream or pond. Where the source is a pond, reservoir, or 
surface stream that is larger than is needed for irrigation of the land, 
the size of plant will depend on the soil, the relief, the crops to be 
grown, the type of power available, and, to some extent, the farm- 
labor arrangements. 

If a garden or orchard is to be irrigated and the soil is comparatively 
tight so that water is taken up slowly, a small stream can be used 
satisfactorily. The water is ordinarily applied by means of furrows; 
a small stream may be divided between a few furrows and allowed to 
run 12 or 24 hours, or perhaps even longer, and then diverted to a 
second small group of furrows. Streams yielding only 20 to 30 gallons 
per minute can be used in this way without too great a loss of efficiency. 
If the soil is coarse and takes water readily this system is not satis- 
factory, and larger streams must be used for shorter periods. 

If field crops are to be irrigated, it is generally desirable to have a 
larger stream of water in order that the irrigation may be carried on 
quiekly. Where the border method of irrigation is used for the irriga- 
tion of small grains, pastures, or hay land, a minimum stream of 250 
or 300 gallons per minute should be available, and a stream two or 
three times as targe will be found more convenient. On very sandy 
soil with flat relief, it is difficult to irrigate satisfactorily with streams 
of less than 1,000 gallons per minute, and twice that quantity is some- 
times necessary for effective irrigation. 5 

Except where soil conditions are such that undue losses by deep 
percolation do not occur when water runs for 12 or 24 hours in one 
place, it is desirable to use as large a stream of water for irrigation as 
one man can conveniently handle. If a smaller stream is used, the 
irrigator spends all his time watching the water, or he leaves it alone 
while he attends to other duties. In one case he wastes a part of his 
time, and in the other there is almost sure to be waste of water or 
incomplete irrigation. One man can handle 450 gallons per minute 
on well-prepared land and several times as much under especially 
favorable circumstances. 

SIZE OF POWER UNIT 

The size of the power unit (gas engine, tractor, electric motor) 
available on the farm for irrigation pumping may fix the size of the 
pumping plant. Many electric-power companies have rate schedules 
that tend to penalize the use of large motors by reason of high service 
or demand charges based on the size of the motor and high initial 
steps in the energy rates. Where such rate schedules are in effect, 
it is desirable to use a pumping plant no larger than is neeessary to 

s Descriptions of methods of Irrigation may bo found in Farmers' Bulletins 1348, The Corrugation Method 
of Irrigation, and 1243, The Border Method of Irrigation 
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lo the work and operate it as many hours as possible instead of 
utffttiu£ a larpo pump 11 s ' K>rt timo to lvduG0 lal)or costs - Occasion- 
llvit is most economical to pump water into a small reservoir 24 
hours a day and irrigate daily with a large stream for a short time. 

The power required to pump water depends on the quantity of 
r«tpr the total head or pressure against which it is pumped, and the 
efficiency of the pump. The total head is the sum of (I) the 
Tatic head (2) the friction head, and (3) the pressure head. The 
static head' is the difference in elevation between the water surface, 
while the pump is operating, in the well or other source and the outlet 
of the discharge pipe. The friction head is the head lost by friction 
In the suction and discharge pipes and fittinp (pp. 24-25). The 
nressure head is that required to operate sprinklers, if they are used. 
The pressure in pounds per square inch can be converted to pressure 
head in feet by multiplying by 2.3. Thus, 30 pounds per square inch 
^equivalent to a head of 69 feet. 

Table 1 shows the horsepower required to pump ditlerent quantities 
of water against total heads ranging from 10 to 100 feet. This table 
was computed on the assumption that the plant efficiency is 50 per- 
cent and it should be used for preliminary estimates only 

The actual horsepower will depend on the efhciency of the plant, 
which should be higher than 50 percent if the plant is properly do- 
med To find the power required at other efficiencies the figure 
found in the table is multiplied by 50 and the product is divided by the 
new efficiency figure. For instance, it is required to find the P™vor 
needed to pump 450 gallons per minute against a total head of 40 teet 
with an efficiency of 60 percent. The table shows that at 50 percent 
efficiency 9.09 horsepower would be required. Multiplying 9,09 by 
50 and dividing the product by 60 gives a quotient of 7.57, which is 
the horsepower required at 60 percent efficiency. 

Table 1 —Horsepower required ta pump different quantities of water against total 
heads of 10 to 100 feet 1 
[Efficiency of pumpin* plant 50 percent of theoretical. Use for preliminary estimates only] 

Horsepower required for lifts of— 



Discharge 



Oalions 


Cubic 








40 feet 


50 feet 




feet per 


10 feet 


20 feet 


30 feet 


minute 


second 












25. . 


0.056 


0. 126 


0. 253 


0. 379 


0. 505 


0.631 


50. 


.111 


.253 


.505 


.758 


1.01 


1.26 


100.... 


.22 


.50 


1.01 


1.52 


2.02 


2. 53 


150 ! 


.33 


.76 


1.52 


2.27 


3.03 


3.79 


200 


.45 


1.01 


2.02 


3.03 


4.04 


5.05 


250.... 


.56 


1.26 


2.53 


3.79 


5.05 


6.31 


300. 


.67 


1.52 


3.03 


4.55 


6.06 


7.58 


350 . 


.78 


1.77 


3.54 


5.30 


7.07 


8.84 


400 


.89 


2.02 


4.04 


6.06 


1 8.08 


10. 10 


450.... 


1.00 


2.27 


1 4.55 


6.82 


9.09 


11.36 


500 


1.11 


| 2.53 


5. 05 


7.58 


10.10 


12.63 


600. 


1.34 


3.03 


! 6.06 


9.09 


, 12.12 


15. 15 


700. 


1.56 


3.54 


7.07 


10.61 


14 14 


17.68 


800. 


1.78 


4.04 


8.08 


l 12.12 


16.16 


' 20.20 


000 


2.01 


4.55 


9.09 


, 13.64 


, 18.18 


22.73 


1,000 


2.23 


5.05 


10. 10 


15.15 


1 20.20 


j 25.25 


1.250 . .1 


2.78 


1 6.31 


I 12.63 


! 18.94 


| 25. 25 


31.57 


1,500 . 


3.34 


7.58 


j 15.15 


j 22. 73 


! 30.30 

1 


| 37.88 



0. 758 
1.52 
3.03 
4.55 
6.06 
7.58 
9.09 
10. 61 
12.12 
13.64 
15.15 
18. 18 
21.21 
24. 24 
27.27 
30. 30 
37.88 
45.45 



70 feet 



0.884 
1.77 
3.54 
5.30 
7.07 
8.84 
10. 61 
12. 37 
14.14 
15.91 
j 17.68 
I 21.21 
| 24.75 
28.28 
i 31.82 
| 35.35 
I 44.19 
I 53.03 



80 feet 


90 feet 


100 feet 


1.01 


1.14 


1.26 


2.02 


2.27 


2.53 


4.04 


4.55 


5.05 


6.06 


6.82 


7.58 


8.08 


9.09 


10. 10 


10. 10 


11.36 


12.63 


12.12 


13.64 


15.15 


14. 14 


15.91 


17.68 


16. 16 


18. 18 


20.20 


18. 18 


20.45 


22. 73 


j 20.20 


22.73 


25.25 


24.24 


27.27 


30. 30 


28.28 


31 82 


35. 35 


1 32.32 


36.36 


40. 40 


36. 36 


1 40.91 


45.45 


40.40 


I 45.45 


50. 51 


50.60 


i 56. 82 


63.13 


1 60.61 


68.18 


75.76 



'Adapted from U.S. Department of Agriculture Farmers' Bulletin 1404, Pumping from Wells for Irrigation. 
247646°^0 2 
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TYPES AND CHARACTERISTICS OF PUMPS 

The pumps most commonly used in lifting water for irrigation are 
horizontal and vertical centrifugals and deep-well turbines. Each of 
these types is adapted to particular conditions. Under special con- 
ditions, other types such as screw, rotaiy, plunger, bueket, and air- | 
lift pumps and current wheels are sometimes used. The type best 
suited to the circumstanees depends on the source and quantity of 
the water to be pumped, the cost of the pump, and the number of 
hours of operation; and, if a well is used, its diameter, the depth to 
water, and the draw-down must be considered in selecting the pump. 
To some extent the personal preference of the purchaser may legiti- 1 
mately influence the choiee. 

HORIZONTAL CENTRIFUGAL 

A horizontal centrifugal pump is the simplest type of irrigation 
pump (fig. 1). It consists essentially of an impeller rigidly attached 




Figure 1.— Horizontal centrifugal pump direct-connected to electric motor. 



to a horizontal shaft and a case, called the volute, in which it rotates. 
The impellers may be of the open, semienclosed, or enlosed type shown 
in figure 2. The open and semienclosed types are used in pumping 
water containing trash. On aeeount of the leakage between the vanes 
and the volute these impellers are not so efficient as the enelosed type. 

Horizontal centrifugal pumps are of either the single- or the double- 
suction type. In the single-suction pump there is a partial vaeuum 
on the suction side of the impeller and a positive pressure on the other 
side The pressure is equalized in part by drilling holes through the 
impeller shroud close to the shaft; in addition, thrust bearings, usually 
of the annular ball type, are provided to counteract any unbalanced 
thrust. The double-suetion pumps are better balaneetl because the 
snetion acts on both sides of the impeller. As long as the forees arc 
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Kiual they will balance ouch other. However, a slight obstruction in 
the pump destroys this bulanee, and the thrust hearings are provided 
to prevent injury to the pinup from this cause. The case of double- 
suction pumps, unlike that of single-suction pumps, is split horizon- 
tally This arrangement makes it possible to inspect the impeller 
without disturbing the pipe connections simply by taking off the top 
half of the case. Because the inlet suction is transmitted to the paek- 
m elands on the pump shaft they must be kept airtight or the pump 
Jl not work satisfactorily. To help keep them tight, water under 
pressure from the volute is piped to them. If the pumped water is 
muddy it should be filtered, or clear water should be supplied from a 
separate source; otherwise the shaft will wear rapidly in the glands, 
making it impossible to keep the packing tight. Improvements have 
recently been made in single-snetion pumps so that they now compare 




Figure 2.—Tvpical centrifugal pump impellers; A f Open impeller; /?, semi- 
enclosed impeller; and t\ closed impeller. 



favorably with the more expensive doiible-siietion type in efficiency 
and dependability. . 

Horizontal pumps have to be primed; hence some type of primer is 
required. Foot valves on the suction pipe are not reeoimnended 
because they increase the suction lift and arc frequently not effective 
because trash catches on the valve scat. A gate valve on the discharge 
side and a common pitcher pump attached to the volute make a satis- 
factory priming arrangement. m 

Horizontal centrifugal pumps are made in sizes to fit everv irriga- 
tion need, but the 2-, 3-, 4-, 5-, G-, and 8-ineh sizes are the most 
common. The size refers to the diameter of the discharge opening. 
A convenient type of small centrifugal pump consists of an electric 
motor with the pump permanently attached to the motor frame. 

VERTICAL CENTRIFUGAL 

The vertical centrifugal pump is like the horizontal centrifugal 
pump except that the shaft is vertical instead of horizontal. Ihe 
pump itself is submerged in the water, and the shaft extends from it 
to the ground surface; thus a rigid frame is required to support the 
shaft hearings and the pump. The most modern pumps of tins type 
have the shaft bearings attached to the discharge pipe, which is made 
strong enough to support the shaft bearings nnd the pump without 
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distortion (fig. 3). Some of 
these pumps have the drive 
shaft enclosed in a cover pip e 
to protect it and make possible 
the effective lubrication of the 
bearings. A thrust bearing at 
the top of the shaft takes care 
of the weight of the shaft and 
impeller and any unbalanced 
vertical forces caused by pump- 
ing. A watertight packing 
gland is provided for the shaft 
where it passes through the 
ease. The most common verti- 
cal centrifugal pump is the 
fi inch. 

DEEP-WELL TURBINE 

In the deep-well turbine, the 
suction pipe, the pump bowl or 
bowls (referred to as stages), 
and the discharge pipe are 
joined together in a straight line. 
The drive shaft, which may be 
either oil or water lubricated, is 
in the center of the discharge 
column. Water-lubricated 
pumps arc usually built without 
cover pipes for the drive shaft 
and have stainless-steel shafts 
or stamlcss-steel sleeves at the bearings, which are rubber. An 
oil-lubrieated pump must have a cover pipe for the shaft to keep 
the water from washing the oil out of the bearings. Neither oil 
nor water lubrication is entirely satisfactory because of difficulties 
inherent in the deep-well turbine tvpc of eonstructon, but well- 
designed pumps with either type of lubrication have been found to 
give dependable service. The weight of the shaft and the impeller 
and the unbalanced thrust of the pump arc carried by a thrust bearing 
in the pump head or motor. 

The impellers used in turbine pumps are generally made of east iron 
or bronze. For the highest efficiency, east-iron impellers eo vcrod with 
porcelain are used. The bowls containing the impellers arc arranged 
so that when the water is thrown out of the rotating impeller by 
centrifugal force it is earricd upward through guide vanes that direct 
the water vertically into the discharge pipe or into the center of the 
impeller of the next stage (fig. 4). Impellers of the mixed-flow type 
give the water an upward as well as an outward velocity. Pumps of 
this type have greater capacity than similar pumps with centrifugal 
type impellers. Still higher capacities are provided by axial-flow 
impellers or propellers. Deep-well turbines are made in sizes to fit 
anv well of standard diameter and in capacities suitable for small tracts 
or large farms. If the number of stages is increased they ean be made 
to pump against any desired head. 




Figure 3. — Vertical eentrifugal pump 
with drive shaft attached to the dis- 
charge column. 
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CHARACTERISTICS OF CENTRIFUGAL PUMPS 

In horizontal and vertical centrifugal pumps 

an d standard deep-well turbines the water is 

thrown from the center of the rotating 

impeller by centrifugal force. The partial 

vacuum thus caused draws more water into 

the impeller, and this water is in turn thrown 

out centrifugally. The water as it leaves the 

impeller has a high velocity, part of which 

is converted into pressure in the expanding 

section between the rim of the impeller and 

the pump case or bowl. This pressure causes 

the water to flow. 

All centrifugal pumps have certain charac- 
teristics in common. At any given speed each 

pump has a rather narrow range of capacity 

and bead within which it will operate at near 

its highest efficiency. If, at that speed, it is 

required to operate against a higher head it 

will deliver less water and require relatively 

more power. At a still higher head it will 

cease to deliver any water at all. This is 
\ known as the "shut-off" head and may not 
| be much greater than the normal operating 
' head for the pump and speed. At a lower 

head the pump will deliver more water, but in 

this case also it will require relatively more 

power. In other words, the efficiency of a 

centrifugal pump falls off whenever it is 

operated at a given speed against either a 

higher or lower head than that for which it was 

designed to operate at that speed. 
Changes in the head at which a pump will 

operate efficiently ean be made by changing 
the operating speed, but at the same tune the 
discharge and the power required will also 
change. In general, the normal discharge of 
a centrifugal pump will increase directly as 
the speed, the head as the square of the speed, 
and the power as the cube of the speed. 
Changing the diameter of the impeller has the 
same effect as changing the speed. 

Changing the speed at which the pump in a 
particular system operates will change the discharge^ total Head 
(including pipe friction), and power in the same direction, but the 
extent of change in eatdi element will depend on the relative values 
of the static and friction heads. In all eases the power required will 
increase much more rapidly than the snccd. 

The limit of suction lift for pumps is determined by the altitude, 
but for most satisfactory operation the suction should be kept as 
small as possible. The practical limit of suction for pumps is 22 
feet at sea level, 17 feet at 5,000 feet elevation, and 14 feet at 10 000 
feet elevation. Pumps will operate when the suction exceeds these 
limits, but the performance of the pump is usually unsatisfactory. 




Figuke 4 - Cutaway view 
of a two-stage deep- 
well turbine pumping 
element. 
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Figurk 5.— Direct-connected horizontal double-suction centrifugal pump in pit. 
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Both the capacity ami the efficiency of centrifugal pumps decrease 
m the suction increases. 
The efficiency of a pump is the ratio of the useful work clone in 
mm? water from one lev*! to another to the energy expended in 
L» it Efficiency is usually expressed as a percentage. There arc 
Iveral kinds of efficiency used in designating the characteristics of 
Lns each of which has a different meaning. In comparing the 
Saractcristics of pumps from different manufacturers, therefore, all 
the efficiencies should be on the same basis. 

ADAPTABILITY OF THE DIFFERENT TYPES OF PUMPS 

HORIZONTAL CENTRIFUGAL 

Because of low first cost, light weight, long life, simplicity, ease 
of operation, and high efficiency, the horizontal centrifugal pump 



Oischorge pipe 




Gale valve 

Priming pump 
Centrifugal pump 



Wow mrloce 
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Fiouke 6.- Tractor-driven horizontal centrifo K al pHinj, on stream bank. 

should he used wherever condition. «^«^^™^ pe JS 
particulars adapted to pumping from " M «>JT?™™: ^ i« re J) 
streams where the suction, li t docs not exceed 22 fee (sea ler«> 
Figures "> and 6 show tyn cal installations of hoiuontal centniuga 
S s WheVtS Pumping is from wells, the L^^^t 
be more than 40 fect beneath the surface, since 20 fee ^ ground i, 
about the practical limit of setting a pump m a pit ^ P™ c ^ 
objections to this type of pump are that it ^ustbc pruned a large 
pit must be constructed to install the pun p , neai the ™^ 
m a well and the draw-down in the well is limited to the suction nit. 
K Sp'iinSJt be used where the level of the ; water ^fluctu- 
ates widaty unless provision i> made for raising and loueimg the pump. 
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VERTICAL CENTRIFUGAL 

The vertical centrifugal pump is adapted for use where the wat^v 
level during pumping is more than 40 feet beneath the surface or whZ 
it fluctuates within wide limits, as it does in some wells, streams 3 
reservoirs. It is not necessary to construct a large pit to accommodate 
the pump or to prime it Because the pump is usually submersed it 
is not so easily kept in adjustment as the horizontal centrifugal numn 
The bearings on the long drive shaft are difficult to keep in alincnSS 
and to lubneate properly. For these reasons vertical centrifugals wear 
out more rapidly than horizontal centrifugals and generally are no 
so efficient. They are also more expensive and more difficult to repair. 

DEEP-WELL TURBINE 

Because of its large e^moity and compact form the deep-well turbine 
pump is adapted to insertion m cased wells where the water Wd is 

more than 50 feet beneath the 
ground surface. Successful in- 
stallations have been made 
where the water table was 500 
feet beneath the surface. Since 
the bowls are usually submerged 
the permissible draw-down is 
not limited to 20 feet . Figure 7 
shows an electrically driven 
deep-well turbine installation. 
In order to make possible the 
use of large turbine pumps, wide 
diameter casing is frequently 
put down to the depth at which 
it is estimated the pump bowls 
will be set. The efficiencies of 
deep-well turbines are compa- 
rable with those of the best 
horizontal centrifugal pumps, 
and because of the care with 
which they are built they will 
give long and dependable serv- 
ice. They do not require prim- 
ing. However, they are more 
expensive than horizontal and 
vertical centrifugal pumps and 
arc more difficult to inspect 
and repair. 
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Ficjuhk 7. Electrically driven deep-well 
turbine with line starter. 



OTHER TYPES 

Air-lift pumps are suitable 
for pumping from batteries of 
wells and wells in which the 
water carries a large quantity 
of sand. Their efficiency is so 
low, however, that they are not 
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recommended for general use. Bucket pumps arc cflicient, but they 
have many moving parts that wear out rapidly and are not suitable 
for installations where the lift is great. Thoy are also expensive. 
Gear or votary pumps may be used for pump irrigation, but thoy 
also wear out rapidly, and their capacity is small in comparison with 
their size. It is doubtful whether any of the types named in this 
paragraph should be used in new irrigation plants. 

Plunger pumps were formerly used on nil high head or deep-well 
installations but are being replaced by turbines. Although plunger 
pumps are highly efficient when new, the plungers wear rapidly and 
Live to be replaced frequently if the eflicieney is maintained. They 
usually do not give as good service as deep-well turbines. Plunger 
pumps are probably best suited for pumping water where only a small 
amount is needed/us in irrigating gardens and small orchards. They 
are also the type best adapted for operation by windmills. 

SELECTION OF PUMP 

In selecting a pump, the choice will usually be limited to a horizontal 
or vertical centrifugal or a deep-well turbine. Deep-well turbines are 
being used in practically all well installations except those in which 
the water is very close to the surface. In these the horizontal centrif- 
ugal pump is the most satisfactory. It is the most satisfactory, also, 
for pumping from reservoirs, canals, and streams, unless the fluctua- 
tion in the water loved is too great to permit its use. Where this occurs 
the vertical centrifugal pump is probably the best type. 

The amount of money that can profitably be spent on a pump for 
irrigation will depend on the value of the crops produced and the 
number of hours the pump will be operated each season. If it is used 
for a short period onlv each year, an expensive unit generally is not 
economical on account of the high fixed costs which must be charged 
against the pumped water. For such installations cheaper pumps 
should be chosen. These pumps are usually lower in efficiency than 
the more expensive pumps and consequently require more power, but 
for short periods of operation this disadvantage is more than balanced 
by the lower first cost . 

'Great care should be exercised in purchasing used pumps. Most 
pumps are now built to fit a specific set of conditions; unless the curve 
showing the characteristics of the pump is available, the purchaser 
will not be able to find out whether the pump is suited to conditions 
on his farm. The range of conditions under which each pump will 
operate at high efficiency is rather limited; outside of this range, even 
though a pump delivers the required amount of water, it does^so at 
the expenditure of considerably more power than is necessary. Pumps 
manufactured more than 15 years ago should not be purchased 
because their efficiency is generally too low for economical operation. 
New makes of pumps' for which extravagant claims are made should 
also be avoided, as the purchaser of such pumps usually finds that they 
will not do all that was claimed for them. Manufacturers who do 
not have proper facilities for testing their pumps are frequently 
mistaken as to their performance; and since many such companies do 
not long continue in business, it is difficult to get repair parts when they 
are needed. Most well-established manufacturers have engineering 
organizations to which, before making ft purchase, the farmer should 
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submit complete information regarding his plan so that they may 
select the pump best suited to it. 

CARE OF PUMP 

Pumps and pipe lines should be drained at the end of the pumping 
season, especially where freezing occurs. In the spring, oil reservoirs 
should be cleaned and refilled with the grade of oil recommended for 
the pump. At that time it is desirable to check the packing in the 
pump glands and replace it if necessary. If the shaft is badly cut in the 
packing gland it should be taken out and turned smooth in a lathe. 
All pipe connections should be checked for leaks and tightened or 
repacked if necessary. The setting of the impellers in deep-well tur- 
bine and vertical centrifugal pumps should be checked from time to 
time to see whether they are running free. If they are not, the im- 
peller should be reset by adjusting the nut at the top of the drive shaft 
in the manner described in the directions for operating the pump. 
Belts should be loosened when not in use but should be kept fairly 
tight when the pump is driven. Excessive tightness in belts causes 
undue wear on the bearings and shortens the life of the belt. If the 
belt has to be run very tight to keep it from slipping, it may be too 
narrow or the pulley too small. If the pulleys are too close together 
or if the belt is set to run at too steep an angle, as it may be when the 
pump is in a pit, it may he difficult to keep the belt from slipping with- 
out excessive tightness. The use of longer belts will usuallv reduce 
the slippage because it increases the contact of the belt on the pulleys. 

CHOICE OF POWER UNIT 

The source of power for operating the pumping plant may be either 
an electric motor or an internal-combustion unit, such as a gasoline, 
oil-burning spark -ignition, or diesel engine. Steam engines are seldom 
used. Small plunger pumps are sometimes operated by windmills. 

ELECTRIC MOTOR 

Where electricity is available at reasonable rates it is the most satis- 
factory source of power for irrigation pumping. The low cost of elec- 
tric motors, their reliability, high efficiency, compactness, low cost of 
upkeep, and the limited attention they need when in operation make 
them especially desirable for operating pumping plants. 

The speed at which each motor operates is fixed by the number of 
cycles of the current and the number of poles of the motor, but since 
motors are obtainable in speeds of 870, 1,160, 1,760, and 3,475 revo- 
lutions per minute (r. p. m.) for 60-cycle current and in speeds of 
725, 965, 1,465, and 2,900 r. p. m. for 50-cycle current, a motor of 
proper speed for each installation can usually be purchased. Where 
60-eycle current is avilable, the 1,760-speed motor is preferred be- 
cause it is the most common type and usually the cheapest and most 
efficient. Low-speed motors cost considerably more than those of 
high speed. In some cases it may be desirable to use a 1,760-speed 
motor and obtain the proper pumpspeed by the use of a flat belt or 
a V -belt drive. Vertical motors are made for driving direct-connected 
deep-well turbines and vertical centrifugals. They have all the ad- 
vantages of ordinary motors. 
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The 60-cyele, 220- or 440-volt polyphase, squirrel-cage induction 
motor is the type most generally used for pumping plants because of 
ta madness and simplicity. No brushes are required The speed 
under full load is nearly constant. Late models of these motors, 
rtn-Dt large sizes, are built for use with push-button starters, winch 
Hminatc the need of hand starters or compensators. SquiiTcl-cage 
motors will operate with a continuous overload of 10 percent without 

iurv under favorable conditions. The manufacturer should be con- 
sulted if there is doubt as to the ability of the motor to handle the 
load Single-phase motors are commonly used for loads ot less than 
5 horsepower and often for 5-horsopower loads 

The motors may he equipped with either sleeve or bn 11 bearings. 
Vertical motors are made with a hollow shaft through which the pump 
shaft extends. This arrangement makes it possible to adjust the posi- 
tion of the impeller by means of the nut on the end of the shaft and 

0 attach the lock hv which the shaft is disconnected from the motor 
if the motor is run backwards and the pump-shaft couplings begin to 
unscrew The efficiency of these motors is about 90 percent at full 
load. Standard inotor*si/.es are 1, l)i, 2, 3, 5, 7%, 10, lo, and 20 

h °ProkSn for the motor should always be provided by a low volt- 
age release and a thermal overload relay, winch shut off the motor i 
the power is cut off or if the motor is overloaded \\ entherproof 
housings can be supplied on motors that will be exposed to the weather. 

INTERNAL-COMBUSTION ENGINE 

Where electric power is not available or where it is too expensive, 
some type of internal-combustion engine is generally used. Internal- 
combustion engines are classified on the basis of the fuel used: Gaso- 
line engines, including modifications and adjustments thereof to bum 
natural gas kerosene, and distillates; ami Diesel engines including 
spark-ignition oil-burning engines, which burn commercial Diesel fuels 
a" well as lower grade oifs such as No. 2 and No. 3 furnace or beating 

01 The selection of the engine most suitable for given load and serv- 
ice conditions depends primarily on the required life and duration of 
operating periods of the engines. Gasoline engines are substantially 
lower in initial cost than Diesel engines and have the further advantage 
that mechanics are almost universally available who can service such 
engines. Diesel engines have heavier duty performance characteris- 
tics and generally give longer service. As the initial cost of a Diesel 
engine is substantially higher than that of an equivalent gasohne 
engine, the decision between these two classes depends essentially on 
thl number of working hours per year and the length of hfe desired 
of the engine. As a rough indication, the higher initial cost of a 
Diesel cn|ine may not be justified if the engine is to run less ban 
about 500 hours a year and the life required of the engine is less than 

&b The folCng suggestions are made to assist in the selection of the 
most economical and suitable engine for pump service where the load 
is fairly constant— without peak requirements that greatly exceed 

th A a pr2ry Consideration in the selection of any engine is the nature 
of the load itself, whether continuous or intermittent. A considerable 
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margin of power is necessary to permit an engine to handle a load 
continuously without excessive heating and excessive wear of the 
engine. On the other hand, a much smaller margin of reserve power in 
the engine is necessary if the load is intermittent. 

An intermittent load may be defined as one in which the engine 
handles the horsepower requirements for a period not exceeding 1 hour 
and is only partly loaded for a following period of greater duration than 
the load period. A continuous load is a constant load, usually having 
a duration of at least several hours. Irrigation pumping loads are of 
this type. In order to handle a continuous load the engine must 
have adequate power output to be able to maintain constant operating 
temperatures (1G0° to 180° F.), and must operate at speeds that will 
not cause rapid deterioration clue to wear. 

The following discussion primarily concerns the selection of an 
engine of adequate horsepower for the load imposed. The horsepower 
rating of an engine determines the speed at which the engine must run 
to carry the required load. Accordingly, care must be taken by the 
user to see to it that either the engine speed matches the pump speed 
so that a direct drive can be employed or that a suitable-sized V-belt 
or other drive arrangement is used and allowance is made in the engine 
horsepower rating for the frictional loss of such drive arrangement, 
usually 5 to 10 percent. 

Gasoline Engine 

The selection of a new gasoline engine, including such engines 
equipped for operation on natural gas, kerosene, or distillates, is largely 
a matter of judgment in matching the engine capacity to the load 
requirements. In buying a new engine, the manufacturer's rating 
of the engine in the form of a maximum horsepower curve or published 
figures of the maximum horsepower of the engine at various speeds are 
required since this information is the basis for the selection of a 
suitable engine. 

For continuous service the engine should not he rated at more than 
75 or 80 percent of the maximum horsepower shown on this curve or 
in the manufacturer's published figures. It should be noted that these 
maximum horsepower figures are based on tests made under ideal 
conditions. Such tests usually have a duration of from 3 to 5 minutes, 
and the resultant horsepower values are plotted as maximum horse- 
power output of the engine. Needless to say, so high a horsepower 
output would not be obtained in the field use of these engines for longer 
periods. 

An engine should run under field-load conditions at a speed sub- 
stantially below the speed of maximum horsepower shown by manu- 
facturer's tests. The actual speed should be based on the manufac- 
turer's curve or published figures for the required horsepower output. 
For continuous service it will be roughly 80 percent of the speed of 
maximum horsepower shown by the manufacturer's test curve. 

Use of Natural Gas, Kerosene, or Distillate 

In considering the use of natural gas, where such fuel is available 
at low cost, it should be noted that a gasoline engine properly ad- 
justed wdl give approximately the same horsepower output when 
running on natural gas having a heat content of 1,200 British thermal 
units (B. t. u.) as when running on regular gasoline. As there is a 
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ride variation in the heat content of nntur.il gas, it is important to 
triune the quality of the g»* before .tending the «» of mupm 
o employ for a given loud. The engine horsepower output is closely 
lowrtionnl to the heat value of the gas, and accordingly the engine 
Xnianoe on gasoline may he corrected to determine the eng.ne 
Klinee on the natural gas available. When the engine is used 
n natural gas of a value other than approximately 1,200 B. t. u 
eSnge of the engine compression rat.o .s ueeessary to ohtam the 
hisl eii'dne performance and economy. 

The principles that apply hi the seleet.on and rating of gasoline 
oni. es applv also to engines for use with natural gas. >\ hen kcro- 
S or No '1 distillate is used, with proper adjustments, the engine 
Tung should he about 10 percent below the rating when the engine 
is run on gasoline. 

Vud Engine 

Used engines, such as automobile engines, are frequently avail- 
able for lis" in pumping plants. The seleet.on of a used eng.ne of 
ffpnper horsepower U the load re.p.ire.nents is n.ore ihlam It 
L he selection of a new engine because of the d.fheu : y .11. de.er- 
mming (I) the working condition of the used eng.ne and (2) the manu- 
facturer's original maximum rating of the engine 

(I) The expense of placing an engine in good operating eond.t.on 
is well justified, and the following suggestions are based on the »«- 
amp/ion that the engine has heen overhauled am t hat sue h par ts 
as piston rings, valves, ignition system, cooling system, fuel sj>tom 

a,l bearings a e all in good running condition The most important 
fen uire.nent for this type of service is an adequate cooling system. 
For example automobile engines are equipped with eoolmg systems 
designed for use on the highway, as dist.net from stationary service 
An automobile engine in stationary service normally requires a large 
cooling system if the horsepower output is to be ^un.de" o th, 
actual reasonable output of the engine. (See p. 21 for method of 

C °(2T , T ) he selection of n used automobile engine having adequate 
horsepower output is diffieult if information is not to the 

user regarding the manufacturer's rating of the eng.ne, d.seu^ed under 
the heading h G«soline Engines." The, following suggest.ons may he 

LoT-mS automobiles currently offered have maximum horse- 
power ratines ranging from about 80 to 85 horsepower. These ratings 
Le based on 3- to 5-minuto maximum horsepower output at 
speed according to test, nnd therefore they do not rep ent 
horsepower available under continuous duty in the hoi 1 . buel 
enpnes, if in good working eond.t.on, should be rated at not ovj S 
horsepower for continuous sorvioe ... a stationary uistod »t 10. ^ wdin 
order to obtain a oontii.uous 35-horscpower output under hose eon- 
ditions, considerable care in providing adequate eoolmg for the eng.ne 
is essential. These figures are given as upper limits and .t is reeom- 
mondod that the user employ more conservative values or rating* it 
high altitude or other unfavorable working conditions «ist. 

Used automobile engines in what may be called the <»'«<^-P r ^ 
field have maximum ratings ranging from 92 to 105 horsepower The 
same prineiples apply in the seleet.on of these engines, although some 
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of them obtain their maximum horsepower ratings at lower speeds and 
accordingly a more liberal continuous rating is possible. Continuous 
rating may bo taken as about 55 percent of the maximum horsepower. 

In the high-priced automobiles currently offered the maximum 
horsepower of the engines ranges from approximately 107 to 140. 
These engines, in general, are of slower speed and are more conser- 
vatively rated as to their maximum horsepower. Therefore, 65 per- 
cent of their maximum horsepower may be employed as a continuous 
rating for the engine, provided adequate cooling is assured and the 
engine is in good mechanical condition. 

Tractor Engine 

In using a gasoline tractor engine for continuous pump service it is 
recommended that the engine be considered as capable of handling 
a load equal to the rated drawbar horsepower of the tractor. The 
foregoing is a conservative recommendation, and judgment should be 
used in deciding whether higher loads may bo handled by the traetor 
engine. This depends, of course, on the cooling facilities provided in 
addition to the radiator eapaeity furnished on the engine and on 
other working conditions. 

Diesel Engine 

In selecting Diesel engines (fig. 8), as well as oil-burning spark- 
ignition engines, the principles discussed under gasoline engines apply. 
However, beeause of the nature of Diesel engines, more liberal al- 
lowances can bo made for continuous serviee. If a new Diesel engine 
is obtained from the manufacturer, 80 percent of the maximum 




Figure 8 —Diesel engine direct-connected to dceo-well turbine through geared 

puinp head. 
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horsepower rating of the engine .nay he considered conservative for 

pU Krinebles discussed under "Gasoline Engines" apply also in 
w 3£g u?ed Diesel engines, whether in tractors or as ""lustnal 
SSs, but a more liberal allowance may bo used for the horse- 
P Im- rat ncs to the extent of about 10 percent. In other words, 
Cl^bThorsepower may be exceeded by about 10 pereent for 
continuous service. 

Care and Operation of Engine 

In order to obtain the best efficiency, internal eombust ion engines 
must be operated at the proper temperature. This requires that the 
IS be kept in the beet working order. If a radiator ,s 
cooiin< » . , , th so of Wlltcr f re e of dissolved 

S tare they wSula^ de^l in the radiator through the 
a£n of the heat and evaporation. Frequent draining of the ; radiator 
Si be avoided because any temporary hardness in the wa ter will 
5T« deposit in the radiator as soon as the water is heated; it is 
5e to Six the water that has already lost its temporary hard- 
nS bv heating. Some engines are operated without radra tors by 
o^cing the wat?r from the engine through a coo ling coil placed in the 
Sc7being pumped. The eooling system is Idler! ^P^' 8 ^ 
which is circulated by the water pump on the engine. The tempera- 
te controlled br a valvo that regulates the amount of water pnss- 
nTthrou^ h the cooling coils. An open tank with, a reserve supply 
ZuTwa e - should be plneed in the eooling circuit to take e are of 
Ura^tUiXs ai/vohimo changes due to heating and coolmg 
and protect the engino if the irrigation pump should stop. 

Mernaf-eo nbustion engines should be kept in proper adjustment. 
An excTss of ulu injVted into the cylinders of a Diesel eng.no causes 
SboTto build up rapidly, and since the compression space b small 

St^aK de'posfl will cause a large increase of 
cylinder It also increases fuel consumption. Too neh a mixt re 
nCases fuel consumption of gasoline 

serious oil dilution. Proper tuning of the ignition or fuel-injection 
vstemsTs very important. If the timing .is wrong, maximum power 
Snot be developed, and excessive knocking and Wing jmey oceur 
Careful attention should be given also to the lubncateoi of the 
engine The recommendation of the manufacturer should be followed 
aXthe grade of oil to use. The use o an oil "Her and an an e leaner 
riroroets the eneino and prolongs its life. A substantial shettei pro 
Es tlfe tVSrorn the P weather and, if locked, prevents tampering 

^^SS^to*** engines are affected by the rarefaction of 
theair du o altitude, and at more tl,a,\ 8,000 1 feet above sea lerel tbe 
horsepower of electric ignition engines should be reduced 3 V™™^ 
each 1,000-foot rise. Diesel engines also are aff ected by ™re f aetion 
of the nir but nrobably not to so great an extent as other engines. A 
Action of 1 P percent in horsepower should also be made for each 
10° rise in air temperature above GO . 

WINDMILL 

Wherever the quantity of water to be pumped is small (50 gallons 
per Se or less) ancl the total lift does not exceed 50 feet, the 
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possibility of using wiiidniills should bo investigated. The power 
produeed by windmills is generally small. It increases rapidly with 
the size of the mill and with the velocity of the wind; in fact, doubling 
either of these inereases the power nearly four times. A 12-foot mill 
in a 30-mile wind develops approximately 16 times as much power as 
a 6-foot mill in a 15-milo wind. To develop this power the mill 
must operate at the proper speed, that is, approximately one-half 
the no-load speed. This requirement is one of the chief disadvantages 
of windmills, because if the windmill is equipped with a pump cylinder 
that gives the proper load for a 15-mile wind, the mill will run too 
fast in a 30-mile wind to develop its maximum power and too slow 
m a wind of less velocity. It probably will not run at all if the 
velocity drops as much as one Jin If. Since the gear ratio of the mill 
and the size of the pump cylinder are fixed, it is important to design 
the plant to operate most efficiently at the wind velocity most preva- 
lent in the area. Wind-veloeity measurements are made at all 
United States Weather Bureau stations, and information as to the 
most prevalent wind velocity should be obtained from the nearest 
station where conditions are comparable. With this information and 
knowing the head against whiah it will be necessary to pump the 
windmill manufacturer will be able to estimate the size of the' mill 
and pump cylinder that should be used and the quantity of water it 
will be possible to pump. 

It is usually unsatisfactory to try to irrigate with the small quantity 
of water available from windmills. Better results will be obtained 
if the windmill pumps into a small reservoir from which the water 
may be drawn at a high rate when needed/ 

TYPES OF DRIVES 

The greatest efficiency is obtained when the engine or motor is 
direct-connected to the pump. This is feasible only when the pump 
s P£ ed ! s . the same as tlie engine or motor speed. When the speeds 
ditter, it is necessary to use some typo of belt or gear drive, Either a 
Hat belt or a V belt may be used, and by choosing the proper com- 
bination of pulleys any desired speed may bo obtained. In order to 
obtain the best results from flat belts the proper width and thickness 
of belt should be chosen (table 2), and sufficient distance should be 
provided between the pulley centers so that it is not necessary to have 
the belt excessively tight to keep it from slipping. Pulleys with small 
diameters should not bo used. 

V-bclt drives are more efficient than flat-belt drives and operate 
satisfactorily when the distance between pulley centers is small (fig. 9). 
I lie use of V belts permits installing the motor or engine beside the 
pump in a pit. V belts with a quarter turn may also be used in driving 
a vertical pump, but they should be slightly longer than belts used 
normally. .Horizontal motors with ball bearings may be set vertically 
and used to drive vertical pumps by means of V belts. The recom- 
mendations of the manufacturer should be followed in choosing the 
proper V-belt size, number of belts, and pulley diameters. An effi- 
vSSt drive° m 10 poroonl ma ^ bo 0X P<^c<l from a well-designed 

Farm f tS ftt, ° n ^ to b,,ilf1in * farm avoirs is given in Farmers' Bulletin 1703, Reservoirs for 
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T» n ir 2— Maximum horsr power ratings per inch of width 1 of good quality rubber 
1AB ' belting with JSO° arc of contact 3 



Number 
of plies 



3.. 

i. 

5. 

6 



Smaller 
pulley 
diameter 
(inehes) 



250 rev- 
olutions 
per min- 
ute 



1.2 
1.4 
1.8 

2.2 
2.0 
2. ft 
3.0 



Horsepower rntinps when speed of pulley is— 



500 rev- 
olutions 
per min- 
ute 



0. 0 
.9 

1.5 
10 

1. ft 
2.3 
2.5 
3.3 
4.0 
3. 5 
4.5 
5.3 



1,000 rev- 
olutions 
per min- 
ute 



1,500 rev- 
olutions 
per min- 
ute 



2,000 rev- 2,500 rev- 



olutions 
per min- 
ute 



1.2 
1.7 
2. 7 
18 
3.0 
4. I 
4.3 
5.0 
0.7 
5.8 

8^3 



1.7 

2. 1 

3. 0 
2.5 
4.0 
5. 3 
5.5 
7.0 
S3 
7 2 
K ft 
0.8 



2. I 
2.9 
4.3 

3. 1 
4.7 
0.0 
0.2 
7.6 



olutlons 
per min- 
ute 



2. 5 
3.3 
4.8 
3.5 
5. 1 
0.2 
6.3 



3,000 rev- 
olutions 
l>er min- 
ute 



2 s 
3.6 
4.9 
3.7 
5. 1 



3,500 rev- 
olutions 
per min- 
ute 



3.0 
3.7 



i To find belt width, divide required horsepower l>y quantity indicated in the table. 
» Adapted from Goodyear Handbook of Heltlng, ed. 2. 

Geared heads are used successfully in transmitting power from 
enrines to vertical-centrifugal and deep-well turbine pumps (fig. 8). 
A short shaft with a universal joint on eaeh end connects the engine 




Figure 9.— V-bclt drive through geared head on deep-well turbine pump. 



shaft with the geared head, permitting slight settlement of the engine 
or pump. For the ordinary sizes the priees are not g^jtlv ditlerent 
from the combined price of the belted pump head and V-bclt drive. 
The efficiency of the geared head drive is about 95 percent or more. 

PIPING 

Well casing and standard pipe with welded, screw, or flange joints 
are best adapted for all piping on the suction side of the pump. If 
welded joints are used a flange coupling should be provided at the 
pump Light-weight welded or riveted pipes do not make satisfactory 
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suction pipes because they rust through quickly. It is also more 
difficult to make air-tight joints in light-weight pipe. 

Practically all types of pipes and joints are utilized for the discharge. 
Concrete pipe and sewer tile may bo used in low-pressure lines where 
there is no danger from water hammer or other shocks. Under most 
conditions these pipes are the most resistant of all to deterioration 
but they are not so strong as other pipes, and since they are liable to 
crack they may leak badly. Used well easing or standard pipe is 
excellent for discharge pipe. If not too old, either will give long 
service because the metal is thick enough to withstand eorrosion much 
longer than light-weight welded or riveted pipe. The sections of 
pipe may be connected by ordinary screw couplings or flanges, or they 
may be welded together. 

Light-weight pipe, both black and galvanized, with either welded 
or riveted seams is used most frequently for the discharge. The 
sections of pipe arc usually held together by slip joints or patented 
couplings, and if the pipe is under considerable pressure the slip 
joints arc fastened together by wire tics or bolts attached to lugs on 
each side of the joint. Where small bends occur in the pipe line, 

sleeve-type couplings such as 
those shown in figure 10 are 
installed, as they are more 
flexible than slip joints, and 
they also act as expansion 
joints. Flanged couplings or 
unions are used wherever 
provision must be made for 
disconnecting the pipe, as, 
Figure 10.- -Sleeve coupling for all ! ol \ example where the pipe 

types of steel pipe. is joined to the pump. 

Under most conditions gal- 
vanizing is the best method of protecting steel pipe against corrosion. 
Since this process is expensive, a more common practice is to eoat the 
pipe with a tough asphaltie or coal-gas tar paint. This ean best be 
done by holding the pipe in a heated tank containing the paint until 
the pipe also becomes heated. Additional protection is obtained on 
the outside of the pipe by covering it with specially treated paper or 
fabric, which is wound around the pipe outside of the paint covering. 

The proper diameter of pipe for a pumping plant depends on many 
factors, most important of which is the head lost in friction. The 
friction loss in steel pipe, per 100 feet, when discharging different 
quantities is given in table 3. Friction losses will be 10 to 15 percent 
greater in concrete pipes. The table discloses that the friction loss 
decreases rapidly until it is about 0.5 foot per 100 feet; after that the 
decline is at a much slower rate. The heavy line in the table indi- 
cates approximately where the change occurs. The proper size of 
pipe to use will be somewhere at the right of the line unless the pipe 
line is short, in which ease the sizes immediately at the left of the 
line will be satisfactory. If a long pipe line is required, an engineer 
should investigate the problem in order to determine the most eco- 
nomical size. 

Pipe lines should always be made as short as possible, and the fewer 
the bends, pipe fittings, and sudden changes in the pipe diameter in 
the line the less resistance there will be to the flow of water. This 
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Table 3.- Loss of head due to friction, per hundred feet of new, thin riveted steel pipe ■ 



Discharge 



Gallons per 
minute 



Cubic 
fret per 
second 



JU- 
JU- 
75 - 
100. 
150. 
*» 
300 

m 

500. 



Loss of head per 100 feet of pipe having inside diameter of- 



3 

inches 



900 . 

St 

1,500.. 



0.056 

.111 
.167 

.223 
.334 
.44fi 

.cm 

.891 
1.114 
1.337 
1.560 
1.783 
2.005 
2.228 
2.785 
3.342 



Feet 
0.20 



.74 

2.76 
5.96 
10.31 



4 

inches 



5 

Inches 



Feet 
0.05 
.18 
.39 



1. 46 
2 53 
5.46 
9. 42 



Feet 

0.06 
.13 
.22 
49 



.84 
1.82 
3.15 
4.81 
6.80 
9. 13 



6 

Inches 



Feet 



0.09 
.20 

.35 



.74 
1.29 
1.97 
2.79 
3. 74 
4.81 
6.01 
7.35 



10 12 
inches inches inches 



Feet 



0.08 
.18 
.31 
.4S 

— sr 

.91 
1.18 
1. 47 
1.80 
2.75 
3.88 



Feet 



0.06 
.10 
.16 

.23 
.31 

.39 

— W 

.60 
.92 
1.30 



Feet 



0.07 
.09 
.13 
.16 
.20 
.25 
.38 



14 

inches 



Feet 



0.06 
.08 
. 10 
.12 
. 18 
.25 



16 
inches 



Feet 



0.05 
.06 
.09 
.13 



. Based on Scobey formula when K.« -0.34. See p. 12 of U. S. Department of Agriculture Technical Bui- 
i^^Flow~n^ to Hiwted Steel and Analogous Pipes. 

matter should be given special consideration in laying out the suction 
pipe because both the capacity and the efficiency of the pump de- 
fease as the suction increases. The suction pipe is usually made 
larger than the pump inlet for this reason. Long-sxycep elbows are 
efter ban standard elbows. If a gate valve is ^^^^1^ 
the pump it should be placed on the discharge, preferably near the 
pump outlet.' (See fig. 6.) This arrangement makes it po^We to 
Le asmaller valve, since the d seharge pipe is usually *» 
pump outlet. The increase in loss of head through the smaller % aU e 
usuallv is not enough to warrant buying the larger valve. The 
outlet of the discharge pipe should be made as low as possible. It is 
not unusual to see discharge pipes sticking up 3 to 4 feet or more 
above the outlet ditch. Such an arrangement increases the head 
against which the pump must operate by just that much and increases 
the cost of power for pumping by a proportionate amount. 

COSTS 

The cost of a small irrigation pumping plant depends oil the size of 
the plant, the type of equipment, and the local condr tions. *or 
these reasons definite figures for total cost cannot be gne n The 
approximate cost of the various items required may be used, ho* ret er 
in making a preliminary estimate of the cost of a plan All rices 
in this report are for the year 1939 and are based on q uoUko m for 
the Rocky Mountain region. Prices on the Pacific coast arc shghth 

W PUMPS 

The capacity, horsepower required per foot of lift, and cost of the 
to^ZFl* horizontal centrifugal pumps 

used are idven in table 4. The prices are for single-s uction bnll- 
Eng P^ps of substantial construction and good efficiency and 
m I o. b factory. These pumps have senuenclosed cast-iron im- 
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pellers and stainless-steel shafts. The prices of pumps with bases 
for direct-connected motors do not include the motor. Prices of 
motors are given in table 5. 

The factory price of a 6-inch vertical centrifugal pump with belted 
head and vertical shaft in cover pipe attached to discharge column is 
approximately $400. This price is for a 40-foot setting and includes 
the 40 feet of discharge column. For greater or less depths $5 per 
foot should he added to or subtracted from the price. This pump has 
a capacity of 400 to 1,200 gallons per minute, but it is most efficient 
for discharges between 600 and 900 gallons per minute with heads 
of 15 to 40 feet. 

Deep- well turbine pumps are usually purchased installed in the well 
because special equipment as well as experience is required in doing the 
work. Table 6 gives the installed prices of motor-driven deep-well 
turbines for lifts of 30, 50, and 80 feet and for discharges of 225, 450 
and 900 gallons per minute. These prices include in addition to the 
motor, starter, and wiring, 10 feet of suction pipe and a strainer. 
The prices are the same whether the pump is oil- or water-lubricated. 
The prices of pumps with belted or geared heads are less than those 
shown in the table. Pumps with geared heads can be operated at 
higher speeds than belt-driven pumps; consequently a smaller and 
cheaper pump can be chosen when a geared head is used. 

Table 4. — Cost of horizontal, single-suction, ball-bearing centrifugal pumps of 
different sizes, typical capacities, and required operative horsepower, 1989 1 



Centrifugal pump 
size (inches) 



2 
3 
4 

5 
6 
8 



Dis- 
charge 

per 
mmute 


Theo- 
retical 
horse- 
power 
per foot 
of lift 


Pump 

effi- 
ciency 


Actual 
horse- 
power 
per foot 
of iift * 


Pump with puiiey 


Pump with hase' 


Cost 


Weight 


Cost 


Weight 


Gallons 
200 
300 
500 
700 
1,000 
1,500 


0.051 
.076 
. 126 
.177 
.253 
.379 


Percent 
40-60 
65-75 
65-75 
65-75 
70-80 
70-80 


0.12 
.12 
.19 
.27 
.36 
.54 


$60 
80 
100 
120 
140 
240 


Pounds 
125 
210 
225 
350 
375 
675 


$100 
130 
150 
180 
200 
310 


Pounds 
185 
285 
300 
450 
475 
1, 150 



1 The prices are f. o. b. factory. 
! F^ 01 ^" 01 ^ ^K 00 tne iower va,ucs *n the preceding column. 
Ineiudes flexible coupling for direet-conneetcd motor, but does not ineiude motor. 

Table 5.- -Delivered prices of S-phase 60-cycle, 220 or 440 volt, squirrel-cage in- 



Motor size 
(horse- 
power) 


1,760 rev 


oiutions per minute 


1,160 revolutions per minute 


870 revolutions per minute 


Weight 


Puiiey 
size 1 


Price 


Weight 


Puiiey 
size 1 


Price 


Weight 


Puiiey 
size ' 


Price 


2* 


Pounds 
190 
190 
270 
320 
425 
485 
655 
675 
925 
1,520 


Inches 
4x3 
4x3 
4^ x4 
5x4 
6x5 
8x6 
9x7 
9x7 
10 x 7 
11x9 


$72 

90 
128 
134 
161 
184 
230 
255 
326 
516 


Pounds 
270 
285 
455 
425 
505 
505 
840 
925 
1, 150 
1,635 


Inches 
4H x 4 
4# x 4 
5x4 
6x5 
8x6 
9x7 
10 x 7 

10 x 7 

11 x9 
11x9 


$128 
153 
184 
161 
184 
226 
286 
326 
368 
575 


Pounds 


Inches 




3». 

5« 








7W - 

10 

15 

20 

25 

30 

401 


505 
670 
825 
925 
1, 150 
1, 165 
1,840 


8x6 
9x7 
10 x 7 

10 X 7 

11 x 9 
11 x9 

12 x 10 


$101 

226 
268 
326 
368 
442 
633 



; ^wL 6 ^^^! 8 !^ 3 ^^ 6 ^ sticond ngure is ten width. 

1 bingle phase, 110 to 220 voits. 

1 Equipped with compensator, others with line starters. 
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Tlble 6 -Installed prices of oil- or ivater-lubricated direct-connected motor-driven 
U d^well turbine pumps for motor speeds of 1,760 revolutions per mmute, 198!) 



Pump size (gallons per minute) 



Setting 



Feet 



Bowl 
dhimeter 



Inchei 



St aires 



IP 

m 

12 
12 



X umber 
1 
2 
3 
1 
2 
2 
2 

i 

2 



Column 
diameter 



Inches 



Motor 
size 



llorne- 
jwwer 

3 
5 

5 
10 
15 
10 
15 
25 



Price In- 
stalled i 



$475 
ami 
m\ 

!») 
7S5 
935 
755 
SHO 
1.2W 



i The price Includes pump and motor. 10 feet of suction column strainer, starter, and cost of wiring bet ween 
transformers and motor. 

Windmill-driven plunger pumps for shallow wells capable of dis- 
charging 10 to 25 gallons per minute require a large cylinder and a 
special pump head. The factory prices of these cylinders are given 
in table 7 The special pump heads may be purchased, but they are 
usually made by placing a T in the well pipe at the ground surfnee. 
A short length of pipe in the side opening in the T provides a spout, 
and a similar one in the top keeps the water from splashing out. In 
addition to the pump head and cylinder, a 8- or 4-inch drop pipe is 
required, also a pump rod. The prices of drop pipe, which is made of 
either standard pipe or well casing, are given in table 8. 1 he miinp 
rod may be made of K-iuoh pipe or 2" by 2" wooden rods. The latter 
are to be preferred because they are more resilient than steel rods. 

POWER UNITS 

The delivered prices of the different sizes of horizontal squirrel-cage 
induction motors for different speeds are given m table 5. 1 liesc 
prices include line starters or compensators, pulleys, and bases 
Those motors are eonipped with sleeve hearings. An additional 
charge is made for ball bearings. 

Single-cylinder electric ignition gasoline engines up to 20 horse- 
power can be purchased for $25 to $30 per horsepower 1 hese prices 
include the cost of a clutch pulley. Prices of mnltiple-cyclmder 
industrial power units are similar except for the smaller sizes, which 
are considerably higher. Non* of these prices include the engine base. 
Equipment for burning natural gas, which includes regulating valves 
and special high -pressure cylinder bends or pistons, will cost about 
$25 to $35 per engine. , 

Used automobile engines can be bought for $25 to $100 depending 
on their condition. A suitable power take-off has to he provided 
before the engine can be used to drive a pump. This can generally 
be done at a nominal cost. 

The approximate delivered prices of high-speed Diesel power units 
are given in table 9. These prices include buse, clutch, special sbatt, 
fueftank, radiator and fan-cooling equipment, starter, and super- 
vision of the installation of the engine. If some of the parts nre not 
required, a reduction in price is made. 

Single-cylinder high-speed Diesel engines of 5 and 10 horsepower 
are considerably more expensive per horsepower. 
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Table 7. — Factory prices of different sizes of cylinders and of back-geared steel 
windmills, 1989, and manufacturer's recommendations as to cylinder size and 
capacity 



Mill diameter (feet) 


length 
of cylin- 
der 


I^engtb 

of 
stroke 


For a head of 25 feet 


For a head of 50 feet 


Windmill with 
40-foot tower 


Cylin- 
der di- 
ameter 


Price 
of cylin- 
der 


Dis- 
charge 1 


Cylin- 
der di- 
ameter 


Price 
of cylin- 
der 


Dis- 
charge i 


Weicbt 


Price 












Gallons 






Gallons 
















per 






per 








Inches 


Inches 


Inches 




minute 


Inches 




minute 


Pounds 




6 


12 




3 


$5.50 


4 


2 


$4.50 


3 


900 


$75 


8 


12 




Wa 


8. 50 


6 


2H 


5.00 


4 


1, 100 


85 


10 


14 






19.50 


10 


2H 


6.00 


5 


1,200 


100 


12 


16 


8 


5H 


35.00 


16 


3M 


8.00 


8 


2, 100 


165 


14 


18 


10H 


6H 


37.50 


25 


8$ 


10. 50 


13 


2,900 


275 


16 


20 


12 







30 


4M 


22.00 


18 


3,400 


360 



i Quantity of water pumped is for a 15-mile wind; for a 30-mile wind the quantity will be approximately 
4 times as great if the stroke of the plunger is increased so that the mill is loaded to the proper capacity. 
If the wind drops below 15 miles per hour part of tbe time the quantity pumped will be considerably less 
than the amount indicated in tbe table. 



Table 8. — Prices of different kinds of pipe and gate and check valves, 19S9 



Inside diameter (inches) 


Price per foot of — 




12-gage 
galvan- 
ized 


Standard 

pipe 
(black) 


Well 
casing 
(black) 


Gate 
valves 


Check 
valves 


2 






$0. 19 
.40 
.60 
.82 
1.07 
1.47 
1.91 
2.74 


$0.35 
.50 


$4. 50 
7. 50 
15. 75 

22. 75 


$3.00 
8.00 

iaso 

20.00 
25.00 
46.50 
73.50 
106.00 








4 


i $0. 40 
».59 
.91 
1.06 
1.25 
1.47 


■ $0.45 
1.63 
1.01 
1. 16 
1. 37 
1.61 




6 


. R9 '2ft. 75 


8 


1.25 
1.92 
2.65 


45.00 
74. 50 
103.00 


10 







» 16-gage. 
a 14-gage. 



The factory prices of the different sizes of pump cylinders and 
windmills and towel's arc given in table 7. The recommendations of 
the manufacturer in regard to the stroke, size of cylinder, and capacity 
when operating in a 15-mile wind arc also given. 

BELTS 

A good grade of four-ply canvas belting suitable for most pump 
drives can be purchased at 30 cents a foot for 4-inch belting, 35 cents 
for 5-ineh, 40 cents for 6-ineh, and 50 cents for 8-inch. The price of 
rubber belting is about 20 percent higher. 

PIPES 

The warehouse prices of gate and cheek valves and of different 
kinds and sizes of pipes arc given in table 8. 

Used standard pipe and well easing satisfactory for irrigation pump- 
ing plants can sometimes be purchased at a considerable saving. 
Gate and cheek valves that arc no longer in perfect condition but are 
satisfactory for pump discharge lines can also usually be purchased at 
reduced prices. 
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Table 



q —Delivered prices of high-speed Diesel industrial power units, 1939^ 



Horsepower 



2. - 



Weight 


Cylinders 


Speed 


Price 


J'ounds 
3, 100 
3.800 
5,700 
6,300 
6,300 


Numtter 

4 
4 
3 
4 

4 


Revolution* 
per minute 
I, 500 
K400 

850 
H50 
850 


$1,220 
1,005 
2,120 
2,255 
2,470 



ANNUAL COST 

Tho annu.il cost of a pumping plant is marie up of the fixed charges 
J Sic" crating cost The fixed charges consist of the interest on 
L itcXent, the taxes on the oauipmont Mid the depreciation 

he items arc practically independent of the extent o winch the 
2min is used; consequently if the plant is operated but • short 
Z lad vcar the fixed charges per acre-foot of water pumped rill be 
Z iS Tn computing the interest on the investment the entire 
SofX Plant should he considered, and the amount charged should 
K«l on the current rate of interest. Taxes, unless the plan « 

£ the city limits, probably will not exceed 2 pereen of tho co s o 
the nlaut The deprec ntion depends on the life of the plant. 11 u 
best mated I t the life will be 15 years, one-fifteenth of the cost of 
Je pEt s ho. d he added each year to the fixed charges I he entire 
li'd fixed charges will amount to 10 to 15 percent of the cost of the 

P The annual cost of operation consists of the cost of fuel or electricity, 
£Zl oil , wp«i Mid attendance Gnso hue on^vdHnuj, 
Tout oue-ei-hth gallon per horsepower-hour when oi*rat*d at tfc<MT 
Z !,« tv Gasoline for power units can he purchased for 10 to 
Kenta nerSloii, since in umst States it is exempt from tax. Diesel 
S3 ^ about seven-tenths as much fuel per horsepower-hour 
SSin^SinL, ami the price of the fuel is 3 to 8 cents ,ror *gjn, 
fading on toe locality. The fuel cost Y^^^^SS^ 
Diesel engine will therefore he about one-third of that foi a gasoline 

en Ktrieitv is sold by the kilowatt-hour, which is the equivalent of 
1.34 o^lSrlllurs" The price depends on the j» f tho motor, 
the amount of power consumed, and the ^^J^^onowaTof tol 
schedules contain a demand charge based on the l '°™^ ow 
motor that umst be paid whether the pump is sc. or no n add 
tion to the demand charge there is a charge for the pou ei used, l lira 
SC is o°n a sliding scale in which the cost per 

as the amount of power consmnc.l m creases but tt '£»^ ^X^l." 
not so rnnid for lar«'c motors as for small motors. Y or example, micro, 
trninon orm of rato schedule a .^-horsepower motor would have to 
on"umc \ m ! kilowatt-hours of energy before reaching he lov^est 
rate, whereas a 10-horsepower motor would have .to JJ^f^g 
kilo vatt-hours before reaching the same rate. Tins » be reaso, uy 
the smallest motor that will pump the necessar> « "on "{ * ™J« 
should he chosen Under favorable conditions the cost ot ctectii<ai 
Sv mav K owns 1 cent per kilowatt-hour or even less ; generally, 
K3 ra somewhere between 1 and 3 cents per kilowatt-liour. 
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The cost of lubricating oil for an electrically driven pumping plant 
is negligible, but for a plant driven by a Diesel or gasoline engine it is 
an important item in the cost. 

The cost of attendance, likewise, is much higher for engine-driven 
plants than for eleetric plants. About 1 hour per day will be sufficient 
for an electric plant and from 2 to 4 hours for engine-driven plants. 

Repair costs chargeable to ordinary wear are higher for engines than 
for motors. Careful attention to lubrication and to protection of the 
equipment from the weather, and particularly from dust, will result in 
a considerable saving in repairs. Repairs necessitated by accidents 
or breakage cannot be foreseen, but in estimating the cost of operation 
some allowance should be made for such accidents. From $25 to $50 
will probably cover the total annual cost of repairs for electric plants 
and from $100 to $150 for engine-driven plants. 

A study of the cost of operation of a group of pumping plants in 
Colorado during 1929 and 1930 7 showed that the average total annual 
cost of operation, including fixed charges, was 15 cents per acre-foot 
per foot of lift for motor-driven plants and 20 cents for engine-driven 
plants. A study made of motor-driven plants in Central California 
in 1923 8 showed costs per acre-foot per foot of lift ranging from 5 to 
60 cents. 

Since these studies were made, the efficiency of pumps has been 
considerably improved. There has also been a reduction in the cost of 
electricity and an improvement in engines. It is believed that under 
present conditions a well-designed plant operated so as to get the 
most economical serviee from the equipment should pump water at 
a total cost not to exceed 5 or 6 cents per aerc-foot for each foot of 
lift. Complete reeords on two well-designed plants in Colorado, 9 one 
motor-driven and one diesel-driven, show that water can be pumped 
at an annu al cost of less than 5 cents per aerc-foot per foot of lift. 

8 p2iSEJ? Experiment Station nulletin 387, Cost of Pumping for Irrigation in Colorado. 

I n5 Sf5 ta J )em ^ t,ne ? t 0 ? f 1 Ubl i c °! ks * Bulletin *• c ° s t of Water to Irrigators in California. 

• Colorado Experiment Station Bulletin 433, Equipping a Small Irrigation Pumping Plant 
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